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Kenneth B. Butterfield
Los Alarnos National Laboratory
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ABSTRACT

Menu-driven command interpreters are an effective means of controllir,g
portable instrumentation where input may be limited to a hex keypad ~nd
output to a few lines on a liquid crystal display. The MENU compiler

uses the name fields from the words comprising the menu options as prompt
strings. It produces compact program code, thus conserving memory that

is often limited in ROM-based systems. Input for menu function selection
is vectored to allow switching between ir?putsources. The host system

consists of the eight-bit Motorola M68HC11 processor and Max-FORTH
(FOR’IH-83).

Using r~enus to select program control has proven to be both economical
and straightforward. Programming for portable instrumentation has, as
one of izs main constraints, minimum facilities for interaction with the
operator. !3ther limitations might include small memory size and the
need to interface directly with hardware, Frequently a large portion of
the program memory space is devoted to driving detectors and timers,
which can leave little space for the user interface. At Los Alamos, the
instruments we have destgned and built have included a hex keypad end an
LCD display, with lights and switches for communication with the user.
While there are no large CRT displays and ASCII keyboards, or mice, to
provide the windowing and point and click interactions currently in
vcrgue, we have found a simple menu to be very useful.

Our MENU compiler (see Appendix A) is basically a fancy CASE statement
that includes prompting for input by listing tha available options and
checking the operator’s choice for validity. It is optimized to save
memory space by using the nama fields of the option words for prompt
strings. A FORTH sy,tem that allows long namas is essential to adequately
prompt the usar. (A prompt string composed of only the first three letters
of a name would ba ridiculous, ) Range checking the operator’s choice is
included, even though it complicates the program, because portable in-
str~mentation must be immune to operator error.

MENU haa the usual three time frames associated with FORTH compilers,
and the comp~.ie tf,me frame for the compiler itself is straight forward.
The only complication occurs because MaxFORTH hides the head of SP@,
The time fram~ associated with compi],ing a menu provides the first IInusllal
feature. In this time frame, tha <BUILDS code 1s activated to p(It ORT}{
into rhe state norma!ly associated with the coion (:) compiler. From
this point on, tok~n.s from the input strfng are converted ir~tocompilnti{}r]
[~ddresses arid srored, as l.lsual,in t}ledictionary, ‘rhis fr-rimeends whf~ti
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the semicolon (;) corr-ties a reference to EXTT, The last time f“rame is
che run time of a menu. At this time the DOES>code from the menu compiler
(1) determines from the list of compilation addresses the number of
options, (2) lists the l~ame fields of the options, (3) gets an input
value , and (4) executes the selected word. The EXIT command is used by

RANGE-CHECK to determine the end of the option list. The LIST-CPTION
command uses a compil?.cion address to p~int to the head of a word and
prints the name field. Once a selection has been made, che compilation
address passes to EXECUTE in the normal manner. If an invalid selection
is made, program exec!lrion passes out of the menu with no further accion
taken.

One useful provision in MENU is the ability to vector the input to
a variety of sohrces. We have used serial ports, key pads, and switches,
either individually or in parallel, for input. Hardware interaction such
as the timing out OE a clock can be used to simulate input from the user
as well. For example, the timeout can select ‘Stop_Data Collection’ in
a menu that also allows printing the time remaining and o~her data collec-
tion statistics. This type of menu permits monitoring of the collection
process while interrupt driven data routines operate in a “background”
mode . The input routine’s ❑ain req’lirement Is to return a value between
(Jand N, where N is the number of options. The word GETKEY illthe example
(see Appendix A) shows one ❑athod for converting normal ASCII codes into
the
A ..
def

dept

required range. GETKE-{ is a very simple word chat would also map @,

I into the range O. ..9. The example also deta~ls the ❑ethod fo~
ning the input vector.

Converting MENW to other FORTH systems may reveal several system
ndencies. The most likely dependency will probably be in the choice

of words used to print the name fields of the options and the menu itself.
This choice depends on che structure of the dictionary header associated
with a word. MaxFORTH Is a target compiler systam thst can produce
headerless code. As p~,rtof this fe~ture, the heads produced by tlaxFORTH
contain one extra pointer field (the parameter field address pointer)
chat modifies the arithmetic used in ❑oving from the compilation address
to the name field address. Ocher system dapendencias will probabiy
include name changea: Many systems use CREATE directly, rather than
<BUILDS , The word compiled by a semicolon may be called semicolon S
(;S) instead of EKIT. And the names for words used to move within a
head may vary from one syocem to another.

Appendix B shows MENU in action. Note that the name of the men~
and the names 01 the options available in the menu are displayed as part
of the overall operator prompt. The name of the option selected 1s
printed to help documenc program path selection. These names are long
becauae they serve as part of the user interface and naed to be clear
and descript~va, Another aop~ct of using ❑enus is illustrated in
Prlnc Stack, which includes tho loop termination as one of the available—
options. One point not illustrated in the example, but worth mentioning,
1s that a menu can serve as ons op(:lon in another menu making It easy
to build a tree structure of control operations,

.,
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Thus far, we havs found the menu ~ompiler presented in this paper

to be an excellent user interface for portable instrumentation. It iS

easy to use and conserves ❑emery in systems that may have limited resour-
ces. MENU is probably not as user friendly as a full-windowing, pop-down
user interface, but ic certainly retains the simplicity exhibited by the

FORTH language.



APPENDIX A: HEMU UORD8

(lARIABL~ H~U-uF~OR

: WIT(EY KEY F AND ;

: KEY-INPUT
[ ‘ GIH’KEYCFA
HEMJ_VECTOEI

.w

Km- INPUT

V(XABULARYHEW
llENUDEFINITIW8

..

..

.
v

.

.

n

.

.

.
9

.

0

1 LITERAL

L18T-OPTION ( CFA . . . / L~at option in ● menu
2- NFA SPACE ID. ;

RANGE-CHECK( ADD. . . HAXADD / DoLor9Lne upper lLm LL

DUP
W31N

DUP 8
[ ‘ XIT CFA 1 LIM
= NOT

UHILE 2+
REPEAT
8UAP

LIOT.0PT10N6 ( MAXADD. . . IIAXADD/ LiaL O~lOnS )

2DUP
CnIovm-2/cR.

I e L18T_OPT10N
2 +L~p

IX3.N( MXADDN . . . =UTENTH~RDINKENU
2Q + WAP
ovER- 0> ( ovor rmn~ chock )

IF
9
DUPLIEIT-OPTION CR
mm

ELSE DROPTHEN

PROMPT. “ Prcmm koy Lo sol-t “ ;

t!ENU-INPUT( (3.L ● vmluo from IILO n -- vecLorocl)
HEN1.J_VECTUR~ EXECUTE



FORTH Dff INITIONO
:MENU(DEFIME8 AMENU)

( USE:
( HDJWNAI’IEU1H2U3, ,. UX; )
( when NAPE LO ●xecuhd Lhe lD’o of
( HI ... UX are d~aplnyed,
( ● key lm read ●nd Lhe corresponding
( word la executed )

[ HEW 1 ( HEW VCCA8ULARYla hlddm ●fLer bh~s definition )
<BUILD8 ( Lb followln~ COBP11OO ePa 1 )

[ EC48 , 1 ( 8P# lm heederloao Ln FAX-FORTH )

[COHPILEl 1 ( ! 18 ItlFKDIATE in MAX-FORTH)
mm>

DUP6- NFA ( find mm. field - ayahm dependent )
CR ID. 4 SPACESPRCWIPT
RANQE.CHECKL18T_OPTION8
PIENU_INPUf
DUP 0< WT ( under ran- chock )
IF D3J4 EL8E DROPTHEN
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APPENDIXB: Exemp10 of HEW d. fln~Llon

: Boso.1O BABE S DECIMAL .8 WE I ;
: 80s0-16 BA8E ~ HEX .8 BABE I ;
: Bmae-2 BA8Ea2BA8E’ .8 HA8El;
: Beao-e BMEIl S8A8E’.8BA8El;
: Exlt_tlenu DROP -1 ;

tl.ENUPrlnL_BeaeO
Be8@_2
80s0-8
Bemo_lo

8000-16

Exit.h%nu
*

: BA8E8

KEY-INPUT
BEQIN

o
PrintJeses ( top 2 nmbera = tmme, O )

UNTIL
.v

( 8AMPLE I NTEEACTION)

12 S5 76 123 C8

Wma
PrinLJ9Cem Press k.y b select
O Eeme-2
1 8eao-e
2 BaOe_10
3 Beao_16
4 Fs~t_flonu Beao-2

Lllooo

o

11001000
100100011
lllolio
1010101
10010



Print.-Basos Pr.aa key to select
O Bese-2
1 %080-8
2 Bmse-10
3 Beae-16
4 Exi L-Flenu Base-8

20
0
310
443
166
12s
22
PrLntJes.s Pr.ss by to seiecL
O Base-2
1 Bese-8
2 Base-10
3 13eao_16
4 Exit_flenu Ex~tJlenu
OK


